Abstract. An important variable in determining the vectorial capacity of malaria mosquito species is the degree of mosquito-human contact. This parameter can be affected by community sleeping behavior and the host-feeding habits of vectors. A cross-sectional study of 775 randomly selected inhabitants, including 385 Baluchi residents and 390 Afghani refugees, was conducted in a malarious area in Sabaz District, Sistan-Baluchestan Province, southeastern Iran. In addition, monitoring of human landing periodicity of main malaria vectors was carried out during an entire transmission season. Afghanis and Baluchis showed diversity in sleeping behavior. Most (79.6%) respondents were familiar with symptoms of malaria and also aware of an association between mosquitoes and malaria. Despite this familiarity, 94.6% of Afghan refugees, 74.8% of Baluch residents, and 87.2% of study participants did not use self-protection preventive measures. Overall, only 8.8% of participants reported using bed nets regularly. Surveyed persons used bed nets mainly during second quarter of night. Three major species of malaria vectors (Anopheles culicifacies, An. fluviatilis, and An. stephensi) started biting by sunset and continued throughout the night. The results of present study indicated that synchronization of encounters between inhabitants and mosquito vectors was caused by poor self-protection and sleeping behavior of inhabitants. In addition, diversity in culture and behavior of the two communities may cause the prevalence of malaria to be different between them. Therefore, promoting awareness of self-protection against mosquito bites could promote community participation in malaria elimination program in this malaria-endemic region.
INTRODUCTION
Prevention of mosquito-borne disease through better knowledge and awareness is an appropriate way to keep control diseases. In addition, knowledge of feeding patterns on hosts and resting behavior of mosquito vectors is important to understand the host-vector relationship and the dynamics of disease transmission, and to develop control strategies. 1 However, the intensity of transmission of mosquito-borne diseases in an area depends on the degree of human-vector contact. [2] [3] [4] In addition, variations in the biting rhythm of different species of mosquito vector influence transmission of disease. It has been suggested that mosquito species showed an aggregated feeding pattern, which indicated that most mosquito species shared at least a human host. 5 This aggregated pattern could arise from host choice based on host availability as reported. 5, 6 However, synchronization of mosquito vectors activities and human hosts can promote emergence of mosquito-borne diseases, such as malaria, in any area. Therefore, it is essential to understand the transmission potential of the vector species through time. In addition, information on biting periodicity will be useful to design personal protection measures.
Although great advances in knowledge of blood-feeding patterns have been reported for selected mosquito vector species, little is known about the role of community sleeping behavior in determining such patterns. In addition, in many malarious areas, the socioeconomic condition of the community has a direct impact on the risk of malaria infection. 7 Bed nets as mechanical barriers offer limited blood resources to mosquitoes but feeding on human blood still influence by synchronization in the encounter of human host and mosquitofeeding behavior. 1 Moreover, recent evidence suggests behavioral changes by malaria mosquito populations to avoid contact with insecticide-treated bed nets, by changing either the feeding places or the time early in the evening. Such changes can drastically compromise the level of personal protection. 8 With this background, this study was conducted to compare concurrency of mosquito biting behavior and bed net use among two communities, Baluchi residents and Afghani refugees, in a malarious area in Nickshahr Region, Sarbaz District, Baluchestan Province in southeastern Iran. Most Afghanis moved to Baluchestan because of domestic war and this affected the socioeconomic status of this border region. 9 In the past five years, 15,000-25,000 malaria cases have been reported in Iran annually. More than 50% of them occurred in Baluchestan, which constitutes less than 2.5% of the country's population. It is estimated that approximately 10% of the population of this province are Afghani refugees and 25-36% of malaria cases per year are reported among them. 10 Generally, the current annual parasite index is 5.5 per 1,000 inhabitants in the malaria-endemic area.
11 Plasmodium vivax is responsible for 77.5% of malaria cases in this area. 12 The malaria vectors in Baluchestan are Anopheles stephensi, An. culicifacies, and An. fluviatilis. 13, 14 At the present time, vector control activities in the area are mainly restricted to indoor residual spraying in selected malariaendemic localities by using pyrethroids, and larviciding with Bacillus thuringiensis. 10 Several factors, such as insecticide resistance among vectors, 15 parasite drug resistance 16 and socioeconomical problems, 11 have made malaria elimination difficult in this area.
biting. In addition, monitoring of human landing periodicity of main malaria vectors was carried out for one malaria transmission season. The information generated by the current study might help in designing and evaluating a malaria elimination program in Baluchestan.
MATERIALS AND METHODS
Study area. This study was conducted in the Nickshahr Area during March 2007-February 2008. The area is in Sarbaz District in Sistan-Baluchestan Province. It is a malariaendemic area with a high risk of transmission and is located at 27 50 -26 45 N and 56 00 -61 60 E. The area is composed of mountainous and hilly regions, and villages are usually located in valleys near rivers. Most agricultural activities are concentrated in these valleys.
The temperature reaches a maximum of 35 C in the highlands and 45 C in the plains during the summer, but it rarely decreases below 5-10 C in both areas during the winter. Annual rainfall ranges from 80 to 100 mm. Rainfall occurs mainly during the summer and fall because of monsoon winds. Features contributing to perennial transmission in the areas are mainly caused by population movement (Baluchis and Afghanis), especially at border crossings, efficient vectors with a high anthropophilic index and frequent human biting habits, and various degrees of resistance to insecticides and drugs. The population of Sarbaz district is estimated to be approximately 132,000 and officially approximately 10,500 Afghani refugees lived in the area during this study.
Sampling technique. We performed a cross-sectional study. Ten percent of fever cases clinically suspected of having malaria who attended to malaria clinics in Sarbaz Health Centers were selected by systematic random sampling based on number of clinical records. Because children and teenagers in ethnic groups might not be able to respond correctly to the questions, only patients greater than 15 years of age were interviewed. Selected persons were interviewed by malaria clinic staff member to survey knowledge, attitude, and behavior about malaria, sleeping, and self-protection against mosquito biting and malaria transmission. Structured interview forms were obtained from participants. The structure interview form was explained to local staff in advance. The completed forms and records were then checked and collected by technicians at the Health Research Center of Iranshahr (School of Public Health and Institute of Public Health, Tehran University of Medical Sciences).
Data collection: methods, instruments used, and measurements. Structure questions consisted of open-ended and closedended questions and were grouped into sections, including participants details, sleeping behavior, bed time, mobility, selfprotection, history of malaria infection and treatment used, facilities, and access to health services. The questionnaire was written in Farsi, and a few questions were expanded and divided into two questions to make them more understandable by local persons. Interviews were conducted in the native language and dialects by interviewers. The validity of questions was checked in the Statistics Department, School of Public Health, and Tehran University of Medical Sciences. Data were analyzed under supervision of the Statistics Department, School of Public Health. Ethical approval for the study was obtained from the Tehran University of Medical Sciences Research Ethics Committee. Informed consent was obtained from all participants. Anonymity was assured to participants, and they were informed that audio tapes and transcripts would not have identifiable features and would be kept in a secure location. Ethical approval was also provided by Tehran University of Medical Sciences and the Iranian Ministry of Health and Education.
Data management and analysis. Data were entered and processed by using SPSS version 11.5 for Windows (SPSS, Inc., Chicago, IL) and Microsoft (Redmond, WA) Excel. Dependent variables, including knowledge and practices regarding symptom, cause, and self-protection, and independent variables regarding chosen indoor and outdoor places for sleep were measured by using the chi-square test.
Mosquito collection (mosquito landing catches). Blood feeding activity of malaria vectors was estimated by using human landing catches on two baits in a fixed catching station in a rice irrigation area in the Nikshahr Region in the Sarbaz District. The area had no interventions for mosquito control during time of the study. The survey was carried out twice a month during seasonal activity of mosquitoes (March 10-July 20). Human landing catch was carried out continuously during the entire night from sunset to sunrise (7:00 PM-6:00 AM) by trained staff using mouth aspirators. Two human volunteers of acted as baits while wearing usual clothing. Exposed body surfaces were searched and mosquitoes that were attempting to bite were collected by insect collectors using mouth aspirators. During human landing collection, collector workers for two-hour intervals. Collected mosquitoes were brought to the field laboratory alive. Mosquitoes were anesthetized by using chloroform and identified based on species identification keys. 17 The human biting rate was calculated directly from human landing catches as the average number of bites per person per night.
RESULTS
Knowledge of symptoms and causes of malaria. Information for 775 respondents was considered (385 Baluchi residents and 390 Afghani refugees) The mean ± SEM age of participants was 28.5 ± 15.5 years (age range = 15.4-80 years). Most Baluchi and Afghan participants were familiar with different symptoms of malaria, including fever, chills, and muscle aches, and 76.6% of them were also aware of an association between mosquitoes and malaria (Table 1) . Despite this knowledge, 94.6% of Afghan refugees, 74.8% of Baluchi residents, and 87.2% of participants did not use selfprotection preventive measures, and 8.8% of participants reported using bed nets regularly. Generally, 78.9% of Afghan and 52.6% of Baluchi participants (65.84% of all participants) stated that they had never been infected with malaria. Moreover, 77.4% of Afghanis and 52.0% of Baluchis said that they had not been treated with any antimalaria drugs; 31.2% of Afghans and 95.1% of Baluchis who had fever and sought treatment went to health houses or local health centers for medical attention. Although all respondents affirmed that they had access to health care, only 60.8% them stated that "the nearest health services is less than half an hour walk away." However, results indicated that Afghanis (45.4%) have less access to health services (one hour or less walk) compared with Baluchis (75.4%).
Significant diversity of knowledge about cause of malaria by mosquito bites was observed between two communities (χ 2 = 25.2, degrees of freedom [df] = 8, P 0.001). Mosquito bites were mentioned as the main cause of malaria by 87.3% of Baluchis and 66.2% of Afghanis. In addition, more Baluchis (27.0%) than Afghanis (10.0%) believed that malaria could also be caused by dirty domestic water (χ 2 = 11.2, df = 8, P 0.001) ( Table 1) .
Sleeping and biting protection behavior. Overall, inhabitants in Baluchestan traditionally do not use bed nets when they sleep in indoor places. Therefore, all respondents stated that they did not sleep under a bed net in indoor places. More Afghans (91.8%) than Baluchis (63.4%) preferred to sleep inside (χ 2 = 13.3, df = 3, P 0.001). In addition, 14.3% of Baluchis and 1.2% of Afghans reported that they occasionally slept indoors or outdoors (Table 2) . Differences in sleeping behavior between Afghans and Baluchis were significantly different (χ 2 = 8.6, df = 3, P 0.001). Twenty-four percent of participants, 37.9% of Baluchis, and 10.3% of Afghanis reported to own at least one bed net. Generally, all respondents with bed nets stated that they used bed nets more often from the beginning of April to the end of September. Furthermore, 25.2% (n = 97) of Baluchis and 5.4% (n = 21) of Afghanis with nets stated that they slept under bed nets regularly (Table 2) . Nevertheless, most participants stated that they slept indoors, and 78.3% stated they did not have any screens on windows or doors. Use of screens against mosquitoes was reported by 35.1% (n = 135) Baluchi respondents and only 8.5% (n = 33) of Afghan respondents.
Mosquito biting periodicity. Biting periodicity and bedtimes of inhabitants are shown in Figure 1 . Results showed that the three mosquito vectors started biting continuously from sunset to sunrise. Anopheles culicifacies was predominantly captured on human baits, and the number of An. fluviatilis and An. stephensi captured was lower ( Table 3 ). The average number of An. culicifacies caught was 126.3 females/human bait/night. In comparison, the average number of An. fluviatilis and An. stephensi collected were 14 and 7.5 females/human bait/ night, respectively. Maximum biting activity for three mosquito species occurred during the second quarter of night until midnight (Table 3) .
Inhabitants sleeping behavior. Questions about personal sleeping habits of inhabitants showed that adults in both groups wake up at approximately 5:00-6:00 AM and most are in bed by 10:00-11:00 PM (Figure 1 ). Children usually wake up between 6:00 AM and 7:00 AM and go to bed between 9:00 PM and 10:00 PM, depending on age and time of sunset. All informants who had bed nets reported that they used the nets after 9:00 PM and 11:00 PM, depending on time of sunset.
DISCUSSION
This study showed that two ethnic communities live in a malarious area had different protective behaviors against mosquito bites. Although awareness of both communities about malaria disease and the role of mosquitoes in transmission was relatively high (Table 1) , their knowledge about mosquito biting and protection measures against malaria transmission did not affect their malaria prevention behavior. It is possible that malaria is not perceived as a major health problem in both communities.
In addition, most respondents were familiar with signs and symptoms associated with malaria but a diversity of knowledge about malaria causes was observed between the two communities. Some factors such as language barriers, mistrust of health services, and a fear of asking questions may increase the knowledge gap for malaria causes between Afghans and Baluchis. Moreover, 65.84% of participants stated that they had never been infected with malaria. Therefore, past malaria infection should be considered a reason that may change the prevention behavior of inhabitants in malarious area. In addition, 77.4% of Afghanis and 52.0% of Baluchis had never had antimalaria treatment. In contrast, 31.2% of Afghanis and 95.1% of Baluchis went to health houses or local health centers for malaria treatment. Most Afghanis preferred private health services instead of public health services because they worried about being deported. In addition, the reason that Afghani residents (45.4%) had less access to health services than Baluchi residents (75.4%) could be explained by the fact Afghan refugees primarily live at the margin of cities and villages.
Although Afghani refugees are a minority population in Baluchestan, one-third of malaria cases occur among them (Department of Communicable Disease Control, unpublished data). Afghan culture and language are different from Baluchi culture and language. Therefore, differences in life style, lack of communication, and preventive behavior among Afghanis should be addressed to reduce the number of malaria cases among the entire population in Baluchestan.
The three main malaria vectors in Baluchestan (An. culicifaces, An. fluviatilis, and An. stephensi) have developed resistance to some major groups of insecticides. 18 Drug resistance of P. falciparum has also been reported in the study area. 16, 19 Therefore, bed net use is a potential tool for malaria prevention in this area, given the confluence of drug and insecticide resistance and a deficient health infrastructure. In the present study, most respondents, both Afghanis and Baluchis (62%), stated that they did not have any bed nets and were not using any malaria household protection because malaria is not perceived as a priority health problem.
The Ministry of Public Health in Iran has a plan to use an integrated vector management program. This program includes insecticide residual spraying, larval control, and insecticideimpregnated bet nets to protect humans as part of the malaria elimination program in Baluchestan Province.
11
Some Baluchi residents use bed nets mainly for personal protection against nuisance biting mosquitoes and other nuisance domestic insects. Although this approach can be used as a promotion tool for bed net use, it may have limitations because bed nets are used only when the mosquito density is high. For example, the biting of the three vectors in Baluchestan, especially An. culicifacies, occurred mainly in the early evening and may put the community at more risk of malaria infection because the relatively perceived low mosquito density may be large enough for malaria transmission.
The average number of vector bites was 147.8/human/night during this study (Table 3 ). This finding indicates that human-vector contact was relatively high in Baluchestan. As shown in Figure 1 , biting activities of vectors started by sunset, and most inhabitants stated that they used bed nets during the second quarter of the night. Therefore, mosquitoes have a greater chance to feed on humans for at least three hours if persons do not use bed nets after sunset.
The degree of mosquito vector and human contact is recognized as an important variable in determining the vectorial capacity of mosquito species.
2 Accordingly, An.culicifacies showed a large vectorial potential capacity in Baluchestan. This species is predominantly a zoophilic mosquito in India, 20 Pakistan, 21 and southern Iran. 13 Similarly, An. stephensi is predominantly a domestic vector and primarily a zoophilic species. [22] [23] [24] In contrast, An. fluviatilis has been reported to be highly anthropophilic and exophilic in Iran and India. [25] [26] [27] However, environmental change may influence biting behavior of mosquitoes in Baluchestan. These changes may include biting behavior expressed by place and/or time of biting. Generally, mosquitoes may change their host preference because of unavailability of favorite hosts. 20, 26, 28 These issues may explain why An. culicifacies showed high tendency to feed on humans in Baluchestan than in neighbor countries.
Moreover, most Afghanis (91.8%) and Baluchis (63.4%) slept in indoors shelters without using window screens or bed nets. Because An. culicifacies and An. stephensi are mostly endophilic and endophagous species, 29, 30 both communities are exposed to mosquito bites.
In conclusion, although most participants were familiar with malaria and the role of mosquito bites on malaria transmission, ownership and use of bed nets was low among Afghanis and Baluchis communities. However, a bet net distribution plan by health authorities may fail to achieve desirable effect in the area because bet net users may receive infectious bites when they are outside the net during the early evening. Therefore, incorporating social, cultural, and economic aspects of both communities during design of elimination projects and their implementation is essential. This policy would enhance and ensure sustainability of malaria control interventions in southern Iran and neighboring countries. Delivery of health education to Afghan refugees and Baluchi residents has to be amended to achieve the required changes in current practice. In addition, information on biting periodicity will be useful in designing personal protection measures.
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